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(54) Communication apparatus and control method therefor 



(57) A data traffic Is monitored (SI 01 ), and the cur- 
r«nt Iraffte state Is checked (S102, S103). II the traffic 
exceeds a threshold a, the time Interval ot Inquliy Scan 
Is set to a nraximum value XI to prevent communication 
perfomiance from deteriorating due to Inquby Scan 



(step 8104). Likewise, ff the traffic falls In the range of 
the threshold a to a threstiold b, the time Inten^al of In- 
quiry Scan is set to an intemiediate value X2 (step 
S10S). If the traffic amount Is equal to or less than the 
threshold b. the time interval of Inquiry Scan Is set to a 
minimum value X3 (step S106). 
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Invention, there Is provided a control method for a com- 
munication apparatus In which a communication chan- 
nel and a control channel are exclusively assigned to a 
radio communication resource to be used, the method 
comprising the steps of: executing data transmission/ 
reception using the communication channel and execut- 
ing a control procedure required for establishment of a 
radio link using the control channel; setting preferentl- 
atlty related to one of the data transmission/reception 
and the control procedure in accordance with a user op- 
eration; and controlling an execution timing or execution 
time imenmi of the control procedure on the basis of a 
setting result in the setting step. 
(001 2] According to still another aspect of the present 
invention, there is provided a control method for a com- 
munication apparatus capable of being driven by a bat- 
tery and simultarraousty connecting to a plurality of re- 
mote tenninals, the method comprising the steps of: de- 
tecting a residual capadly of the kiattery; and dynami- 
cally controlling an execution timing or execution time 
interval of transmission processing of a tennlnal search 
message for searching for a remote terminal or terminal 
search wait processing for detecting the terminal search 
message and responding to the message on tho basis 
of a detection result In the detecting step. 
[0013] This summary of the Invention does not nec- 
essarily describe ail necessary features so that the In- 
vention may also be a aub-comblnatlon of these de- 
served features. 

[0014] The Inventbn can be more fully under stood 
from the following detailed description when taken In 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a view showing the basic an^ngement of 
a radio connmunication system according to an em- 
bodiment of the present invention; 
FIG. 2 is a view for briefly explaining the overall ra- 
(flo communication system according to the embod- 
iment; 

FIG. 3 is a block diagram showing the hardware ar- 
rangement of a personal computer used as an In- 
formation processing apparatus In the system ac- 
cording to the mnbodiment; 
FIG. 4 is a block diagram showing the software ar- 
rangement of a perBonai computer used in the sys- 
tem according to the embodiment; 
FIG. 5 is a block diagram showing the hardware ar- 
rangement of a portable telephone used in the sys- 
tem according to the emtiodlment; 
FIG. 6 is a block diagram showing the software ar- 
rangement of a portable telephone used in the sys- 
tem according to tho ombodtmcnt; 
FIG. 7 is a bfock diagram showing the an^ange- 
ments of a host arKi host controlier which are ap- 
plied to the personal computer in the system ac- 
cording to the embodiment; 
FIG. 8 is a block diagram showing an arrangament 
around a bus driver on the host skle In FIG. 7; 



FIG. 9 la a flow chart showing a procedure for opti- 
mization control processing for a traffic amount, 
which is executed In the system according to the 
embodiment; 

5 FIG. 1 0 Is a flow chart showing a second procedure 
for optimization control processing for a traffic 
amount, which is executed in the system according 
to the emt>odimeni; 

FIG. 11 Is a view showing an example of a user in- 
fo terface window used in the system according to the 
embodiment; 

FIG. 12 is a view showing another example of the 
user Interface window used in the system according 
to the embodiment; 

IS FIG. 13 is a flow chart showing a procedure for op- 
timization control processing corresponding to a us- 
er set mode, which Is executed in the system ac- 
cording to the embodiment; 
RG. 14 Is a block diagram for explaining the princi- 

so pie of power supply infommtton acqulsltton 
processing In the system according to the embodi- 
ment; 

FIG. IS Is a block diagram for explaining another 
example of tho pov/w supply information acquisi- 
25 uon processing in the system according to the em- 
bodiment; and 

FIG. 16 is a flow chart showing a procedure for op- 
timization control processing corresponding to a 
power supply state, which Is executed In the system 
so according to the emt^odiment 

[0015] An embodiment of the present invention win be 
described below with reference to the views of the ac- 
companying drawing. 

35 poi6] FIG. 1 conceptually shows the basic arrange- 
ment of a radio communicatlDn system according to an 
embodiment of the present invention. 
[0017] In the embodiment, there is provided a com- 
munication apparatus (information processing appara- 

40 tus 1 ) in which a communte:ation channel and a control 
channel are exclusively assigned to a radio communi- 
cation resource to be used. The apparatus includes a 
unit for executing data transmission/ reception using the 
convnunication channel and a unit for executing a con- 

45 trol procedure required for establishment of a radio link 
using the control channel. 

[0018] The Information processing apparatus 1 is, for 
example, a notebook type personal computer (to be re- 
ferred to as a PC hereinafter) that can be driven on a 

so battery, and can communicate with a portable device 
such as a portable telephone 2 by estat>lishin9 a local 
link Ihoroto by radio. In a stato whoro this radio link is 
established, a user can, for example, remotely control 
the PC 1 by using the portable telephone 2 and ex- 

55 change data such as mall and pereonal information with 
the PC 1 and the portable telephone 2. 
[0010] The PC 1 can be simultaneously connected to 
a plurality of remote terminals, e.g.. the portable tele- 
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phone 2 and Another PC (multipoint). In this case, even 
while connection is being established, the PC 1 can en- 
ter a terminal search mode of searching for a new ter- 
minal and can also enter a connection establishment re- 
quest wait mode, which dynamically allows a new ter- s 
minal to Join the network. 

[0020] In the terminal search mode, a search is made 
for a terminal that is preset in a range (communication 
zone) where radio waves can reach, and processing for 
the acquisition of information necessary for connection 
is performed. In this terminal search mode, a terminal 
search message is broadcast. In the temninai searoh 
wait mode, the terminal search message transmRted 
from a remme tennlnal to search for a terminal Is detect- 
ed, and processing for transmitting a message respond- '5 
ing to the detected message Is performed. In this con* 
nectlon establishment request wait mode, the connec- 
tion establishment request message transmined from 
the remote terminal is delected, and processing for the 
estabfishment of connection in response to the detected ^ 
message is performed. 

[0021] A nrtessage in a control procedure (terminal 
search, terminal search wait, and connection establish- 
mont request wail) roquirod for now mdio link establish- 
ment Is exchanged by using a control channel. Since a ^5 
radio communk^tion resource is exclusively used be- 
tween this control channel and a communication chan- 
nel for data transmlssion/receptton. If communication is 
being performed In making a terminal search or the like, 
the communication (communteation mode) is temporar- 30 
lly stopped. This embodiment has a control information 
communcation timing control sectbn for dynamically 
controlling the timing at which a control procedure (ter- 
minal search, tenminal search wait, and connection es- 
tablishment request wait) necessary for the establish- 35 
ment of a new radio link is executed and the time intenml 
of the control procedure In accordance with the traffic 
state of a communication channel, the current power 
supply state, and the like. With this control secUon, pa- 
rameters associated with connectton control can be op- ^ 
timized. 

[0022] The overall radio communication system of 
this embodiment will be briefly described next with ref- 
erence to FIG. 2. 

[0023] The ponable telephone 2 transmits/receives 
speech or data to/from base stations 3 for portable tel- 
ephones, which are installed in various areas, by using 
radio waves in the 800-MHz band. The t>ase station 9 
encompasses a predetemiined radio area, In which 
communication with the portable telephone 2 Is lnrv>le- so 
mented. A server 5 is connected to the base station 3 
through a public switched tolophono network 4. Tho us- 
er of the portable telephone 2 can also perform speech 
communication by using a headset 6. 
[0024] This portable telephone 2 has a radio conrunu- S5 
nication Interface for transmitting/receiving radio waves 
in the 2.4S-QH7 band to/from the PCI. in addition to a 
radio communication Interface for transmitting/ receh/- 



ing radio waves in the 600-MHz band to/from the base 
station 3. The portable telephone 2 also has an LCD for 
displaying data, a key operation portton for Irputting da- 
ta, and the like. 

[0025] The PC 1 and portable telephone 2 are con- 
nected to each other through radio waves In a specific 
frequency band whteh are different from the radio waves 
used in the portable telephone system. More specifical- 
ly, a 2.45-GH2 band Bluetooth system Is used. The Blue- 
tooth system is a short-rEuige radio communteatlon 
standard, and Implements radio communication within 
about 10 m by using radio waves in the 2.45-GHz band. 
[0026] The PC 1 includes an antenna portion for 
transmittlng/recehrlng radio waves in the 2.45-GHz 
band to/from the portable telephone 2. an LCD used as 
a di^lay monitor, a keyboard for Inputting data, and the 
like. 

[0027] The hardware and software arrangements of 
the PC 1 and portable telephone 2 will be descrttied be- 
low separately. 

(Anrangement of Peraonal Computer) 

[0028] FIG. 3 Is a block diagram showing tho hard- 
ware arrangement of the PC 1 . The hardware portion 
required to implement this system will be mainly de- 
scribed below. 

[0029] The PC 1 1ncorporates a radio communteation 
module 7 for communteatlng with the portable telephone 
2 by using radio waves In the 2.45-GHz band. The radio 
conrvnunicatton module 7 Includes an antenna section 
8, an RF (Radk> Frequency) section 9. a baseband sec- 
tion 1 0. a memory section 11 . a quartz oscillation section 
1 2. an AO/DA converelon section 13, and a microphone/ 
speaker section 14. A similar radio communication mod- 
ule is also incorporated In the portable telephone 2. The 
radio communication module 7 Is connected to a com- 
puter engine section 15 as a main untt of the personal 
computer through a serial interface 16 such as a USB. 
[0030] The antenna sectkm 8 Is a section that imple- 
ments radio communication with the portable telephone 
2 and transmits/receives radio waves in the 2.45-GHz 
band. In the rec^tlon mode, the RF section 9 mixes the 
radio wave received through the antenna section 8 with 
a fundamental frequency signal oscillated by the quartz 
osdllatton section 12 to convert the radio wave Into an 
Intermediate frequency signal, and then demodulates It 
Into a digital signal that can be processed by the base- 
band section 10. The baseband section 10 performs 
protocol processing. The signal input through the anten- 
na section 8 and RF section 0 Is converted into a data 
string that can bo proeossod by tho CPU in tho base- 
band section 10. 

[0031] In the transmission mode, in a reverse proce- 
dure to that in the reception mode, the baseband section 
10 converts transmlsskm data Into a s^nal that can be 
processed by the RF section 9 in accordance with a pre- 
detemiined protocol, and the RF section 9 modulates 
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the signal into ft radio wave In the 2.45-GH7 band, there- 
by transmitting it from the antenna section 6. 
[0032] TTie mfcrophone/spealcer section 14 is a de- 
vice for inputting^outputtlng speech signals, and is con- 
nected to the baseband section 10 tfirotjgh the AD/DA 
conversion sectbn 13. 

[0033] The conputer engine section 15 has an MPU 
(computer engine) 1 7 including a CPU. memory, and pe- 
ripheral control circuits, an LED (Light Emitting Diode) 
18 for performing alarm display and the like, a USB irv 
terface 19 for connecting a peripheral device based on 
USB (Universal Serial Bus) standards, an LCD (Liquid 
Ciystal Display) 20 used as a display monitor, a Icey- 
board 21 for data input, PCMCIA (Personal Computer 
Memory Card International Association) interface 22 for 
mounting a PC card, and the Wke, 
[0034] FIG. 4 is a block diagram showing the software 
arrangement of the PC 1 . FIG. 4 shows the structure of 
the PC 1 incorporaUng a radio oommunicaiion protocol 
stack for 2.4-GHz band radio communication on the 
computer engine sectton 15 skJe. 
[0035] On the radio communication module 7 akJe of 
the PC 1 , as shown In FIG. 4. the RF section 9 and base- 
band section 10, which arc hardware, aro provided, and 
an I^P (Link Management Protocol) 23 for controlling 
a radio link with the radio communication apparatus on 
the portable telephone 2 side by radio waves and an 
HCl (l-iost Control interface) 24 for performing serial in- 
terface processing for the computer engine section 15 
are incorporated in the baseband section 10. 
[0036] The computer engine section 1 5 incorporates 
a 2.45-Gi-lz band radio communication protocol stack 
28, an IHCI 29 for performing serial Interface processing 
on the radio communteation module 7 side, end the like, 
in add'tion to an OS (Operating System) 25, drive soft- 
ware 26 for controlling various peripheral devtees, and 
various applications 27 such as wordprocessor soft- 
ware, spreadsheet software, electronic mail sofhware, 
and system software for Implementing a remote control 
functton. which are incorporated as standard software 
for the PC. 

(Arrangement of Portable Telephone) 

[0037] FIG. 5 is a block diagram showing the hard- 
ware arrangement of the portable telephone 2. The 
hardware portion required lo Implement this system wHI 
be mainly described. 

P)038] As a radio commun toatton module 30 for oomv 
municating with the PC 1 by using radio waves in the 
2.45-GHz band, an antenna section 31, RF section 32. 
baseband section 33. momoiy section 34, and quartz 
oscillation section 35 are incorporated In the portable 
telephone 2. The radio communication module 30 and 
a portable telephone engine section 36 are connected 
to each other through a serial interface 37. 
[0039] The antenna section 31 Is a section for trans- 
mltting/receivlng radio waves in the 2.45-GHz band to 



implement radio communication with the PC 1. In the 
reception mode, the RF section 32 mixes the radio wave 
received through the antenna section 31 with a funda- 
mental frequency signal osclDated by the quartz osclila- 

9 tion sectton 35 lo convert the radio wave into an inter- 
mediate frequency signal, and then dennodulates it Into 
a digital signal that can be processed by the baseband 
section 33. The baseband section 33 performs protocol 
processing. The signal input through the antenna sec- 

10 tion 31 and RF section 32 is converted into a data string 
that can be processed by the CPU In the Isaseband sec- 
tion 33. 

[0040] In the transmisston ntode, in a reverse proce- 
dure to that In the reception mode, the baseband sectton 

IS 33 converts transmission data into a signal that can be 
processed t)y the RF section 32 In accordance with a 
predetermined protocol, and the RF sectton 32 modu- 
lates the signal Into a radio wave In the 2.45-GHz band, 
Iheretyy iransmitling tt from Ihe antenna section 31. 

^ [0041] The portable telephone engine section 36 in- 
cludes an LCD 43 for data display, a key operatton sec- 
tion 44 for data input, an LEO 45 for alarm display and 
the like, a memory 46 for data storage, and the like, in 
addition to an antonna 40 for a portable toksphono, an 

25 RF section 41 , and a baseband section 42. 

[0042] As a common section 47. an AD/DA conver- 
sion section 48. mU^phone/speaker 49. and power 
supply section 50 are provided. 
P043] FIG. 6 is a block diagram siiowing the software 

^ arrangement of the portable telephone 2. RG. 6 shows 
the structure of the portable telephone 2 In which a radio 
communtoation protocol stack for 2.45-GHz band radio 
conrvnunicatlon Is mounted on the portable telephone 
engine section 36 side. 

35 [0044] As shown in FIG. 6. the RF section 32 and 
baseband section 33, which are hardware, are an-anged 
on ihe radto communication module 30 side of the port- 
able tel^hone 2. An LMP (Link Management ProtocoQ 
51 for controlBng a radio link to the radio communication 

^ apparatus on the PC 1 side by radio waves and an HCl 
(Host Control Interface) 52 for perfom^ng serial Inter- 
face processing for the portable telephone engine sec- 
tion 36 are mounted in the baseband section 33. 
[0045] In addltton to the RF section 41 , the baseband 

45 section 42, and a portable telephone protocol stack 53, 
which are mounted as standard equipment for a porta- 
ble telephone, the portable telephone engine section 36 
Incorporates an applicatton 54 including system soft- 
ware and the like for Implementing a remote control 

so functton, a radio communication protocol stack 55 for 
2.45-GHz radio cottimunication, and an HCl 56 for per- 
forming serial interface processing for the radio connmu- 
nteatlon module 30 side. 

55 (Optimization of Parameters for Connectk>n Control) 

[0046] Parameter optiml/ation processing which Is a 
feature of this embodiment will be descrbed iiy exem- 
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plifying the case wheiBin the Bluetooth technique es a 
2.45^Hz band radio communication standard Is used. 
Bluetooth specifications will be brfefty described first. 
[0047] The Bluetooth system uses a frequency hop- 
ping technique of performing packet transmission of da* s 
ta by TDD (Time Division Duplex) with one slot corre- 
sponding to 625 ^s and a change in frequency in units 
of pecl(ets. By using the same frequency hopping se- 
quence. a radio network called a piconet is formed be- 
tween one master and a maximum of seven slaves to 
perform communication. Data channels (communica- 
tion channels) include two types of channels, namely an 
asynchronous data channel (ACL) and synchronoim 
speech channel (SCO). Data can be transmitted 
through one SCO at 64 Mbps, and three SCOs can be 
simultaneously used. 

[004a] According to the Bluetooth technique, if a ter- 
minal that wants to perform communlccaion does not 
know ihe address ol a remote temninal. Inquiry Is exe- 
cuted to acquire information necessaiy for connection 
establishment (terminal search processing). This 
makes it possible to acquire the device addresses and 
clock Informatbn of all terminals that respond to the In- 
quiry. By using those plocos of Information, connection 
can be actually established in the subsequent process- 
ing termed Page (connection establishment request 
processing). A given terminal that pennlts another ter- 
minal to search out (find) the given terminal itself par* 
forms Inquiry Scan (tenninal search wait processing) to 
respond to an Inquiry message. A terminal In a connec- 
tion establishment request wait state perfomns Page 
Scan (connection establishment request wait process- 
ing) to respond to Page. 

[0049] FIG. 7 shows the arrangement of the PC 1 In- 
corporating the Bluetooth system. An OS, Bluetooth bus 
driver, and appBcation are resident on the memory of 
the PC 1 (host side), and the Bluetooth devtee itself (host 
controller side) Is connected as. for example, a USB de- 
vice. A host 101 arid host controller 102 communicate 
with each other In accordance with an HCI (Host Con- 
troller interface). The host controller 102 Includes a Knk 
manager 103 and link controller 104. The operation of 
an RF circuit 105 is controlled by the link manager 103 
and link controller 1 04. 

[0050] To execute Inquiry, the host 101 transmits an 
HCI command to the host controller 102. An Inquiry 
command may be singly transmflled every time an ap- 
plicatkm is to perfomn communication, or Inquiry may be 
periodically performed. When Inquiry is to be periodtecU- 
ly periomned, two parameters, Max_Period_Length and 
Min_Period_Length, used to determine the time inter- 
vals of Inquiry In an HCI command arc sot. Tho host 
controller 1 02 detomiines an arbitrary value In the range 
between the designated maximum value of 
Max.Period_Length and the designated minimum val- 
ue of Min_Period_Length. Inquiry Is performed every 
time interval con'esponding to the determined value. 
[0051 ] Max.Period.Length is defined to have a range 



of 3.84 sec to 83884.8 sec. Min.Period^Length is de- 
fined to have a range of 2.58 sec to 83883S2 sec. in 
executing Inquiry Scan and Page Scan as well, the HCI 
command is transmitted to the host controller 102. In 
such a case, a parameter termed lnqulryScan_interval/ 
PageScan.lnterval for designating the time Interval of 
Inquiry Scan/Page Scan must be set. 
lnquiryScan_lnterval/PageScan_lnterval has a range of 
11 .25 ms to 2560 ms and a default value of 1 .28 sec. 
[0052] The link controller 104 has two major states, 
nantely a standby state and connection state. The con- 
nection state ItKludea four modes, namely an acthre 
mode, sniff mode, hold mode, and park mode. The sniff 
mode, hold mode, and park nrv>de are power saving 
modes, if ACL connections are present In performing 
inquiry. Inquiry Scan, or Page Scan, these ACL connec- 
tions must be temporarily shifted to the park mode or 
hold mode, which Is a power saving nriode of a connec- 
tion stale to ensure an available stot for Inquiry. Inquiry 
Scan, or Page Scan. That is, data communication is 
temporarily stopped. 

[0053] As Is obvious from the above description of the 
Bluetooth specif batlons, a great loss is caused in terms 
of porformanco and power consumptton If tho time in- 
ten/ais of Inquiry. Inquiry Scan, and Page Scan remain 
unchanged. A feature of this embodiment is that such 
time intervals are optimized In accordance wRh the state 
of a device and the state of connection. 
[0054] The bus driver converts data from an upper 
protocol drhrer Into Bluetooth data and controls a Blue- 
tooth link. FIG. 6 shows the arrangement of drivers and 
the ftow of ACL/SCO data. 

[0055] An upper layer which is an upper protocol driv- 
er of a bus driver 201 establishes ACL connection for 
each CIO (logical channel ID). In the bus driver 201 . an 
L2CAP (Logical Link Control and Adaptation Protocol) 

202 establishes connectk)n for each Connectton Handle 
(CH) which Is a physical channel Identtfier. An HCI drhrer 

203 communicates HCI data packets to a USB drhrer 
205, which serves to control the host controller 102, by 
using one transmission port and one reception port. 
[0056] The bus driver 201 can therefore have com- 
munication traffic infomnation, e.g., information Indtoat- 
ing how many acth^e ACL and SCO connections are cur- 
rently established, a spednc packet type used by each 
connection, and a specific speed of data transmission 
request from the upper layer. Since the HCI driver 203 
can systematteaily monitor traffics, control can be per- 
formed in accordance with the traffic state of a current 
communication channel by using a data traffic monitor 
section & Inquiry/Inquiry Scan/Page Scan interval deci- 
sion section 204. 

[0057] Assume that no slot is available because of the 
establishment of a plurality, of links, and a requested 
speed from the upper layer is high. In this case, the time 
interval of inquiry Scan is set to be long, and Inquiry is 
not perfonned unless an application requests connec- 
tion estabDshment. In addition. V no link is present, the 
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host controller 102 then restores the ACL connections, 
which have been shifted to the power saving mode, to 
the active state to resume data communication. 
[0068] By setting the timing and time Interval of Inquiiy 
Scan/Page Scan in accordance with an expf Icit Instruc- s 
tion from the user, a deterioration in communication per- 
fomiance which is not intended by the user can be pre- 
vented. In addition, since control suitable for the opera- 
tion of an application is perfonmed, the overall perform- 
ance of the system improves. 
[0069] In addition, a terminal serving as a master Is 
preferably made to preferentlally execute either radio 
link estabHshment processing or data communication 
processing in accordance with a user operation by using 
a user interface window like the one shown in FIG. 12. 
If "data communication stop" or "termlnai search priori- 
ty* In FiG. 12 is selected, radio link establishment 
processing Is preferent^ty performed. If "data conrimu- 
nication priority* or "no temrinal search* is selected, data 
communication processing Is preferentially performed. 
A detailed control procedure will be described below 
with reference to the flow chart of FIG. 13. 
[0070] fkst of all, the mode selected by the user is 
"data communication stop**, '^omnlnal search priority", 
"data communication priority", or "no tenminai search" 
(steps S111 to S113). If "data communication stop" is 
selected (YES In step S1 11), the cun^ently active link Is 
set in the hold or park mode to temporarily stop commu- 
nicatton (step 8114). The time intenml of Inquiry Scan 
is then set to the mininnum value to quickly respond to 
a tenminai search message (step S1 15). If "temiinal 
search priority" is selected (YES in step S112), the time 
Inten/al of Inquiry Scan Is set to X2 (X2 > minimum val- 
ue) to relatively qutekly respond to a tenninal search 
message (step S1 16). 

[0071] If "data communication priority" is selected 
(YES in step S1 13), the time interval of Inquiry Scan Is 
set to the relatively large value XI (XI >X2)to minimize 
the chance of Intenruptlon of data communication under 
execution (step S1 1 7). If "no terminal search" Is selected 
(NO in step S1 13), the time interval of Inquiry Scan Is 
set to the maximum value to exclushrely use the radio 
communication resource for data communlcatton (step 
S118). 

[0072] With regard to the temiinal that issues Inquiry, 
the time Interval of Inquiry is variably conu-oiled In ac- 
cordance with the mode selected by the user. The lime 
interval of Page Scan is also variably controlled by the 
same procedure as described above. (Third Example of 
Optimizatton of Parameters for Conneetton Control) 
[0073] The third example of the optimization control 
processing of this cmbodlmont will bo described noxt. 
In this example, It is discriminated whether the PC 1 Is 
driven on an external AC power supply or built-in battery. 
If the PC 1 is driven by the battery, the time interval of 
Inquiry Scan/Page Scan Is set to be long, or Inquiry Is 
issued only when a link request is reoehred, thereby per- 
fonming control for power saving. In additton. when the 



PC 1 is driven by the battery, control is also perfomned 
to prolong the time interval as the battery residual ca- 
pacity decreases. 

[0074] A case wherein ttte bus driver 201 directly 
checks a battery resMual capacity wf!i be d6scrit>ed first. 
RG. 14 shows the power supply management software 
of this embodiment, infonmation associated with a bat- 
tery, e.g., the residual capacity of the battery and infor- 
mation Indicating whether the PC 1 1s driven by the bat- 
tery or extemal AC power supply, Is managed in a sys- 
tem management memory (SMRAM) 304 under the 
control of a power supply management driver 302. An 
OS 303 and HCI driver 301 h the bus driver 201 have 
interiaces with ttie power supply management drh^er 
302, and can check the current power suppiy state 
through the power supply management driver 302. 
[0075] Assume that a capacity ratio (%) is to be cal- 
culated as a battery residual capacity, if the PCI is driv- 
en by the battery, the bus driver 201 reads out the ca- 
pacity of the battery that was previously fully charged 
and the current capacity from the system management 
memory 304, and calculates a residual capacity C. 

C c= current reaidual capacity/capedty of battery 
fully charged previously 

[0076] InqulryScanJnterval/PageScanJnterval can 
be sot in increments of 0.625 ms according to the spec- 
ifications. The time inten/al of Inquiry Scan/Page Scan 
is calculated by 0.625 x N. The defautt value of N is 
2048. and the range of N Is 18 $ N ^ 4096. 
[0077] An equation that shortens the time interval of 
Inquiry Scan/Page Scan as C increases, and vice versa 
Is exemplified bekiw. 

InquiryScan^lnterval = 0.625 x 2048 x 1/C 

If, however. C g 0.5, 

InqulryScanJntorval = 2.56 

[0078] If the battery residual capacity is 1 00%. the de- 
fault value Is 1 .28 sec. If the battery residual capacity Is 
50% or less, the default value is 2.56 sec. The value 
calculated by such an equation Is set as a parameter, 
and Ihe HCI drh/er transmits the HCI command to the 
host controller 102. EttherUie HCI driver 301 In FIG. 15 
or the power supply management drhrer 302 can have 
acalculatton means. 

[0079] In addition. Infomiatton Indicating that the bat- 
tery driving modo and oxtomal power supply driving 
mode are switched is preferably registered in the OS 
303 to allows acquisition of the Infomiation as an event. 
When these modes are switched, the OS 303 preferably 
infomis the bus driver 201 of the Infonnation indicating 
the switching of the modes. 

[OOra] Instead of a direct check on a power supply 
state by the bus driver 201 , an application program 401 
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for performing Bluetooth power supply control may be 
prepared as shown In FIG. 15, end the application pro* 
gram 401 may Inquire the OS 303 about external power 
supply dnving/battery driving and battery residual ca- 
pacity In accordance with a request from the HCI driver 
301 of the bus driver 201 . 

[0081] A procedure for perfomiing optimization con* 
trol processing In accordance with a power supply state 
wOl be described next with reference to the flow chart of 
FIG. 16. inquiry Scan win be exemptifled. 
[0082] Rrst of all, whether the current operating pow- 
er supply Is the battery or external AC power supply is 
detemiined by checking whether the external AC power 
supply Is connected (step S201 ). If the external AC pow- 
er supply Is connected and the PC 1 is drh/en by the 
external AC power supply, the default value Is used as 
the time Interval of Inquiry Scan. 
[0083] If no external AC power supply Is connected 
and the f»C 1 is driven by the battery (YES tn step S201 ), 
the current battery residual capacity Is checked (step 
S202). The time Interval of Inquiry Scan Is calculated 
from the battery residual capacity such that the time in- 
terval of Inquiry Scan prolongs with a decrease In bat- 
tery residual capacity, and tho time interval of Inquiry 
Scan Is set to the calculated value (steps S203 and 
S204). 

[0084] A similar procedure can be applied to Inquiry/ 
Page Scan. In addition. Inquiry nmy be set to a mode of 
stopping periodical transmisston when the battery resid- 
ual capacity decreases below a predetenrnined value, 
and performing transmission only when a link request is 
received. The mode of periorming transmission only 
when such a request Is received can be applied to In- 
quiry Scan/Page Scan. 

[0085] As described at>ove, according to this embod- 
iment, parameters for connection control can be opti- 
mized by dynamically controlling the execution timings 
and time Intervals of Inquiry, inquiry Scan, and Page 
Scan in accordance with a traffic state, user settings, 
and powersupply state. This eliminates a waste of pow- 
er and Implements both an improvement In communica- 
tion perfomnance and connectabiiity. 
[0086] In this embodiment, parameter optimization 
control has been described above with particular em- 
phasis on the PC 1 . However, similar control can be ap- 
plied to the poitable telephone 2. In addition to PCs and 
portable telephoneSt the present tnvenlion can be ap- 
plied to various electronic devices as long as they have 
communication apparatuses In which the radto commu- 
nication resource is exclusively used between a conv 
munication channel and a control channel, and connec- 
tion control is pcrformod by inserting tho control channel 
in the communication channel. 
[0087] in this embodiment, control operations based 
on a traffic state, power supply state, and user settings 
have been separately described. However, a combina- 
tion of these control operations can also be tjsed. If, for 
example, the traffic Is large, the tfrne Interval of connec- 



tion control may be prolonged even In the AG powersup- 
ply driving mode. In contrast to this, if the traffic is small, 
the time Interval of connection control may be shortened 
even In the battery driving mode. In this manrrar, the time 
5 inten^al of connection control can be variously set in ac- 
cordance with user settings. 

[0088] As has been described in detail above, accord- 
ing to the present invention, parameters associated with 
comtectton control, e.g., the time interval of a temilnal 
10 search and the time interval of terminal search wait 
processing, can be dynamically optimized, and hence 
an improvement in communication performance and 
suppression of power consumption can be realized. 
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1. A communtcatk>n apparatus in which a communi- 
cation channel and a control ctiannel are exclusive- 
ly assigned to a radio communication resource to 
be used, said apparatus characterized by compris- 
ing: 

moans (1 ) for oxocuting data transmlssion/ro- 
ceptlon using the communication channel; 
means (1 ) for executing a control procedure re- 
quired for establishment of a radio link using the 
control ctiannel; 

means ^04) for monitoring a traffic of the com- 
munication channel; and 
means (204) for dynamicaliy controlling an ex- 
ecution timing or execution time interval of the 
control procedure on the basis of the traffic de- 
tected by said monitoring means (204). 

2. The apparatus according to claim 1 , characterized 
in that 

saki control procedure includes a procedure of 
transmitting a terminal search message for 
searching for a temnlnal in a communteation 
zone and acquiring information necessary for 
connecticn. and 

S€Ud control means (204) dynamk:ally controls 
a transmission timing or transmission time in- 
terval of the terminal search message on the 
basis or the trafric detected by said monitoring 
means (204). 



3. The apparatus according to claim 2, characterized 
in that said control means (204) inhibits periodical 
transmission of tho tomlnai search mossago if tho 
traffic detected by said monitoring means (204) ex- 
ceeds a predetermined value, and pennits trans- 
55 mission of the terminal search message only when 
establishment of a radto Onk is requested by a user 
application. 
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The apparatus according to clatm 1 , characterteed 
In that 

said control procedure Includes a terminal 
search wait procedure for detecting a lermlnal 5 
search message transmitted from a remote ter- 
minal to search for a terminal and responding 
the message, and 

said control means (204) dynamically controls 
execution time Interval of the tennlnal search ro 
wait procedure on the basis of the traffic detect- 
ed by said monitoring means (204). 

The apparatus according to claim 1 . characterized 
in that rs 

said control procedure Includes a connection 
establishment request wait procedure for de- 
tecting a connection establishment request 
message transmitted from a remote terminal, so 
and 

said control means (204) dynamically controls 
execution time Interval of the connection estab- 
lishmont roquost vrait procoduro on tho basis of 
the b^fftc detected by said monitoring means 

(204). 

The apparahjs according to claim 1. characterized 
In that 

30 

said control procedure executes one of a termi- 
nal search mode, a tentitnal search wait mode, 
and a connection establishment request waft 
mode, and 

said control means (204) dynamically controls ^ 
an execution timing or execution time inten/al 
of at least one of the terminal search mode, the 
tenninal search wait mode, and the connection 
establishment request wait mode on the basis 
of the traffic detected by said monitoring means 40 
(204). 

A communication apparatus In which a communi- 
cation channel and a control channel are exclusive- 
ly assigned to a radio communication resource to 45 
be used, said apparatus characterized by compris- 
ing: 

means (1) for executing data transmission/re- 
ception using the communication channel; so 
means (1) for executing a control procedure re- 
quired forostabllshmontof a radio linic using tho 
control channel; 

user Interface means (27) for setting preferen- 
tiallty related to one of the data transmission/ ss 
reception and the control procedure In accord- 
ance witii a user operation; and 
means (204) for controlling an execution timing 



or execution time interval of the control proce- 
dure on the basis of a setting result of said user 
Interface means (27). 

8. The apparatus accortfing to dalm 7, characterized 
in mat 

said user interface means (27) sets one of a 
first mode of preferentially executing the data 
transmission/ reception and a second mode of 
preferentialiy executing the control procedure, 
and 

said control means (204) controls the execution 
timing or execution time Interval of the control 
procedure In accordance with a mode set by 
said user Interface means (27). 

9. A communication apparatus capable of being driv- 
en by a battery and simultaneously connecting to a 
plurality of remote terminals, said apparatus char- 
acterized by comprising: 

means (7) for periodically executing transmis> 
slon processing of a tomilnal search message 
for searohing lor a remote terminal or terminal 
search wait processing for detecting the termi- 
nal search message and responding thereto; 
means (302) for detecting a residual capacity 
of the battery; and 

means (204) for dynantically controlling an ex- 
ecution timing or executing time interval of the 
transmission processing of the terminal search 
message or the tenminal search wait process- 
ing on the basis of a detection result of said de- 
tection means (302). 

10. The apparatus according to claim 9, characterized 
by further comprising: 

means (302) for determining whether a current 
operating power supply Is the battery or an ex- 
ternal power supply; and 
means (204) for dynamically controlling the ex- 
ecution timing or execution time Interval of the 
transmission processing of the terminal search 
message or the terminal search wait process- 
ing on the t>asis of a daterminalion result of said 
determining mearts (302). 

1 1 • A control method for a communication apparatus in 
which a communication channel and a control chan- 
nel aro oxclusivoly assigned to a radio communica- 
tion resource to be used, said method characterized 
by comprising the steps of: 

executing data transmission/reception using 
the communication channel and executing a 
control procedure required for establishment of 
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a radio link using tho control channel: 
monitoring a traffic of the communication chan- 
nel (S1 01); and 

dynamfcaily controlling an execution timing or 
execution time interval of the control procedure 5 
on the basis of the traffic detected in said mon- 
itoring step (S102 to SI 06). 

1 2. The method according to claim 1 1 , characterized In 
that 10 

said control procedure executes one of a tenmi- 
nal search mode, a terminal search wait mode, 
and a connection establishment request wait 
mode, and rs 
said controlling step (S1 02 to SI 06) comprises 
dynamically controlling an execution timing or 
execution time interval of at least one of the let- 
minal search mode, the terminal search wail 
mode, and the connection establishment re- ^ 
quest wait mode on the basis of the traffic de- 
tected in aald monitoring step. 

13. A control method for a communication apparatus in 
which a communication channel and a control chan- 
nel are exclusively assigned to a radio communica- 
tion resource to be used, said method characterized 
by comprising the steps of: 

executing data transmissionABoeption using m 
the communication channel and executing a 
control procedure required for establishment of 
a radb iinic using the control channel; 
setting preferentiailty related to one of the data 
transmission/reception and the control proce- 35 
dure in accordance with a user operation; and 
controlling an execution timing or execution 
time interval of the control procedure on the ba- 
sis of a setting result In said setting step (S111 
toSIIS). 40 

14. The method according to daim 13, cfiaraderized 
by further coR^risIng the steps of: 

setting one of a first mode of preferentially ex- 45 
ecuting the data transmission/reception and a 
second mode of preferenUaHy executing the 
control procedure; and 

controlling the execution timing or execution 
time Inten^al of the control procedure In accord- 80 
ance with a mode set In said setting step (S1 1 1 
toS1l8). 

15. A control method for a communication apparatus 
capable of being driven by a battery and simultane- 55 
ously connecting to a plurality of remote terminals, 
said method characterized by comprising the steps 

of: 



detecting a residual capacity of the battery 
(S202); and 

dynamically controlling an execution timing or 
execution time interval of transmission 
processing of a terminal search message for 
searching for a remote terminal or terminal 
search wait processing for detecting the termi- 
nal search message and responding to the 
message on the basis of a detection result in 
said detecting step (S203. S204). 

16. The method according to claim 15, characterized 
by further comprising the steps of: 

determining whether a current operating power 
supply is the tiatteiy or an external power sup- 
ply (3201); and 

dynamically controlling the execution timing or 
execution time interval of the transmission 
processing of the terminal search message or 
the terminal search wait processing on the ba- 
sis of a detennlnation result In said detenmining 
step (S202 to S204). 
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